A microscopic treatment of η-nucleus scattering is presented. When applying the underlying exact integral equations, the excitation of the target are neglected, and an input ηN amplitude is chosen which reproduces the S 11 (1535) resonance. It is shown that the η-nucleus scattering lengths are quite sensitive to the ηN parameters and the nuclear wave functions. For a special choice of the parameters an η 4 He quasi-bound state occurs.
I. INTRODUCTION
There are at least three main reasons which motivate studies concerning η-nucleus systems.
The first one is of a fundamental character and is related to the possibility of studying the quark structure of η-mesons and the nucleon S 11 (1535)-resonance, and the role played by the strange quarks in these systems. Recently, in experiments with NN annihilation into φ and ω channels [1] , it was established that there is a strong polarization of the strange sea-quarks in nucleons. It is, therefore, interesting to investigate possible manifestation of this phenomenon also in η-nucleus systems.
The second reason concerns a pure nuclear problem, namely, the possible formation of η -nucleus bound states. It was argued by Haider and Liu [2] that, due to the rather strong attraction in the ηN-interaction at low energies, the η-meson, when immersed in the nucleus, might create a system which in some respects is analogous to a hypernucleus.
Estimations in [2] indicated that such a possibiltity exists for nuclei with atomic number A ≥ 12.
Thirdly, Charge Symmetry Breaking (CSB) effects can be studied in processes involving η-production. Indeed, CSB was experimentally observed at Saturne [3] in the reaction
near the threshold of η-production. It was found that the production of pions was much greater than the CSB expected from electromagnetic interaction. The experimental crosssection is equal to 0.97 pb/sr (at E d = 1100 MeV), while the one obtained from electromagnetic considerations is 0.003 pb/sr [4] , the latter estimate being made at 600 MeV.
A possible explanation of CSB in the above reaction is that it can be attributed to the η − π 0 mixing, i.e., the process (1) can proceed via intermediate production of a pure η 0 meson state with isospin I = 0,
which is an allowed reaction. The state |η 0 can be expressed as a linear combination of the physical ones, |η and |π 0 ,
where the parameter λ characterises the η − π 0 mixing. From Eq. (3) it follows that λ is the proportionality constant between the amplitudes [5] 
The process (1), therefore, is no longer forbidden and one can expect a cross section much larger than the electromagnetic one. Based on the above ideas, the authors of Ref. [6] obtained 0.12 pb/sr for the cross-section of the process (1) as compared to the experimental value of 0.97 pb/sr. To explain this discrepancy, fully microscopic few-body calculations, which take into account the η − π 0 mixing, should be performed.
We would also like to mention the possibility of studying processes of the type
Here,
He nucleus with isotopic spin I = 0 and different angular momenta and parities. These reactions might provide us with large cross sections due to the extended size of the excicted
II. THE METHOD
Our method is based on the so-called Finite-Rank-Approximation (FRA) of the Hamiltonian proposed as an alternative to the multiple scattering theory of pion-nucleus interaction [7] . We, therefore, start by outlining this approach.
Consider the scattering of an η-meson from a nucleus of atomic number A. The total Hamiltonian of this system is
where H 0 is the kinetic energy operator (free Hamiltonian) of the η-nucleus motion , V = V 1 + V 2 + · · · + V A is the sum of ηN-potentials, and H A is the total Hamiltonian of the nucleus. Introducing the Green function
we obtain the following equation for the transition operator
For further developments, we introduce the (auxiliary) transition operator T 0 (z) via
where
is the free Green function. From the definition of G 0 (z) and V , it is clear that T 0 describes the scattering of mesons by a nucleus in which the position of the nucleons is fixed. The operator T 0 differs from the usual fixed center t-matrix in two respects. Firstly, Eq. (9) contains the kinetic energy operator H 0 describing the motion of the η-meson with respect to the center of mass of the target, secondly, the energy argument of T 0 is taken to be that of the total energy z of the system. Using the resolvent equation
we easily infer from (8) and (9) T
a form suitable for the low-energy approximation on which our approach is essentially based. The spectral decomposition of the nuclear Hamiltonian H A reads
where |Ψ A n are the bound-state eigenfuntions of H A with E n being the correponding energies. Since we are interested in processes at energies far below the excited states or break-up thresholds of the nuclei, we can neglect all contributions to (13) except the ground-state part. That is, we use the approximation
Inserting Eq. (14) into Eq. (12) and sandwiching with |Ψ A 0 , we obtain the LippmannSchwinger-type equation
Here r represents all nuclear Jacobi coordinates.
From a practical point of view it is convenient to rewrite Eq. (9) by using the Faddeevtype decomposition
Introducing the operators
we finally get for the Faddeev components T 0 i the following system of integral equations
The amplitude t i describes the scattering of the η-meson off the i-th nucleon. It is expressed in terms of the corresponding two-body t ηN -matrix via
where r i is the vector from the nuclear center of mass to the i-th nucleon and can be expressed in terms of the Jacobi coordinates { r}.
To get the nuclear wave function we used the so-called Integro-Differential EquationApproach (IDEA) [8, 9] . In this approach the wave-function of a nucleus consisting of A nucleons is decomposed in Faddeev-type components
Here h 0 is the kinetic energy operator of the nucleus, and V ij is the potential between nucleons i and j. These components are written as a product of a harmonic polynomial H [Lm] and an unknown function P
where P depends only on the pair separation r ij = ρ(1 + z)/2 and the hyperradius ρ = 2/A r . Eventually, one has to solve an integro-differential equation for this function P which, for an A-boson system, reads [8, 9] 
V 0 (ρ) is the hypercentral potential. The details of the method which takes into account the two-body correlations exactly can be found in Refs. [8, 9] .
III. RESULTS
To solve Eq. (15) we need, as an input to Eq. (17), the two-body ηN-amplitude (or the corrresponding t-matrix) and the ground state wave function Ψ A 0 of the nucleus. For t ηN we employ the S-wave separable form
where E 0 and Γ are the position and width of the S 11 resonance. Different sets of parameters α and λ are chosen such that the scattering lengths in [10] are reproduced. For such a form, the equation for T 0 can be solved analytically. The results thus obtained are given in Table 1 . The required nuclear wave functions were constructed using the Integro-differential Equation with the Malfliet-Tjon I+III (MT) nucleon-nucleon potential [11] . As can be seen there is a strong dependence of the resulting η-nucleus scattering length on the two-body input. A large ηN-scattering length generates a strong attraction of the η-meson by the three-and four-nucleon systems.
In Table 2 we present η-nucleus scattering lengths obtained by using two different sets of the nuclear wave functions, namely, the one constructed using the IDEA with MT potential and a phenomenological one of Gaussian form chosen to reproduce the root mean square radii of the nuclei obtained via the IDEA. We see that the considerable difference found for 2 H practically vanishes when going over to TABLES To find at which values of the ηN-scattering length a quasi-bound state appears in the η-nucleus system, we write the η − N scattering length in terms of two parameters g 1 and g 2 a ηN = (0.55g 1 + i0.30g 2 ) fm.
Note that g 1 = g 2 = 1 is just one of the choices in Table 1 . These parameters are varied until the η-nucleus T -matrix exhibits a pole for Re E = 0. Preliminary results of this search with Gaussian type wave functions are given in Table 3 . He quasi-bound state for realistic values of a ηN can exist. In all other cases, the physical ηN input, has to be modified in order to be able to support a corresponding quasi-bound state.
Finally, we mention that using the auxiliary matrix T 0 instead of the full solution of Eq. (15), we obtained completely different results.
IV. CONCLUSIONS
We have investigated ηA systems with A ≤ 4 in the framework of a few-body microscopic approach by using different two-body input parameters and nuclear bound state wave functions. The results can be summarized as follows:
• There is a remarkable increase of attraction with increasing atomic number.
• The same tendency appears for all nuclei when the ηN scattering length is increased.
• It is important in calculating ηA observables to use microscopically constructed wave functions.
• The fixed scatterer approximation, corresponding to the use of T 0 instead of T , is inadequate in describing the η-nucleus system.
• There is a strong indication that the η 4 He system can form a quasi-bound state.
